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ECT Images Reconstruction of Freely Falling Particles
Concentration Distribution in Vertical Pipe Using GVSPM
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A new reconstruction method called Generalized Vector Sampled Pattern Matching (GVSPM)
was applied to the image reconstruction of an electrical capacitance computed tomography (ECT)
in freely falling particles in a vertical pipe. This new method is able to achieve stable convergence
without the use of an empirical value. Experiments were carried out using three particle types with
various electric charges and four particle flow rates to measure the capacitance of a pipe cross
section. The three particle types were polyethylene pellets (PP), silica sand (SS) and polyvinyl
chloride (PVC). Four flow rate settings were used resulting in a volume flow rate ranging from
3.08X1075 to 1.04x10-% [m?*/s]. The GVSPM method is compared with conventional methods in
terms of volume fraction, residual capacitance, and capacitance correlation. Overall, the GVSPM
method proved superior to conventional methods in the case of polyethylene pellets with high electric
charge. GVSPM achieves accurate reconstruction by using an objective function that is calculated
as the inner product calculation between the experimental capacitance and the reconstructed image
capacitance.

Key Words: Multiphase Flow, Electrical Computed Tomography, Image Reconstruction, General-
ized Sampled Pattern Matching Method, Il Posed Inverse Problem
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Fig. 1 Overview of capacitance tomography.
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Fig. 4 Sample particle
Table 1 Properties of particles.

T e e e e L

Particles  diameter d,

Relative electric
charge of one
particle

Mean particle Relative

Permittivity

Density
[kgfrt]

[mm]

PP
SP

PVC

23 228x10*
8.18x10? 2580 36 2243
1.75x10? 1500 3.5 1

326 910

PP: Polyethylene pellet, SP: Silica particle, PVC: Polyviny! chloride
Table 2 Particle flow rate.

Diameter of

feeder [mm] d & & ot

Volume flow

rate [m’s) o o o O

PP 3.08x10°  127x107 280x10"  5.56x10"
Sp 543x10%  1.74x10" 82610 -
PVC 6.13x10°  2.01x10” 4.56x10"

PP: Polyethylene pellet, SP: Silica particle, PVC: Polyvinyl chloride
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Fig. 5 Falling particle picture (Polyethylene pellet).
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Fig. 8 Example of reconstructed images.
(Particle flow rate: Q;, Time: 1Af)
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Table 3 Voume fracm error ;.

. Reconstruction method
Patides  uepm 1w IR LBP
PP 515 50 530 a8
SP 553 481 756 672
PVC 332 1.08 915 131

PP: Poiyethylene pellet, SP: Silica particle, PVC: Polyvinyl chloride
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Fig. 11 Residual capacitance of polyethylene pellet.
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